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Objectives: To identify the risk factors of bile leakage, with different severity, based on ClavieneDindo
complication classiﬁcation system.
Materials and methods: A retrospective analysis of 943 eligible patients was performed. Sixty-eight pa-
tients, with bile leakage, were divided into 2 groups: mild bile leakage (grades I, II, n ¼ 41) and severe bile
leakage (grades III, IV, V, n ¼ 27). Twenty-ﬁve potential factors were analyzed, by multivariate regression
analyses, to identify independent risk factors of bile leakage.
Results: The independent risk factors of bile leakage, for the entire cohort, included attacks of acute
cholangitis within 1 month, associated biliary-enteric anastomosis (BEA), associated hepatectomy and
previous biliary surgery. The independent risk factors for patients with mild bile leakage were attacks of
acute cholangitis within 1 month, associated hepatectomy, and a history of previous biliary surgery.
Similarly, the independent risk factors for patients with severe bile leakage were attacks of acute
cholangitis within 1 month, associated hepatectomy, and associated BEA.
Conclusions: Risk factors for mild and severe postoperative bile leakage, in bile duct stones, were
different.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Based on the location, bile duct stones include extrahepatic and
intrahepatic bile duct stones, which aremore common in East Asian
countries than the Western world [1].
Patients with hepatolithiasis, who underwent hepatectomy,
showed a morbidity range of 7.4%e11.4% in those who experienced
bile leakage. This could result in septic complications and serious
long-term morbidity [2,3]. No signiﬁcant differences were found in
postoperative complications, including bile leakage, between
laparoscopic and open hepatectomy for hepatolithiasis [4]. For
patients with common bile duct (CBD) stones who underwent
laparoscopic CBD exploration (LCBDE), the morbidity of bile
leakage ranges between 13.3% and 15.6% [5e7]. Although primaryw. Zhang).
by Elsevier Ltd. All rights reservedduct closure could avoid bile leakage following T-tube removal
[8,9], there was no difference between primary duct closure and T-
tube drainage in terms of postoperative biliary leak [10,11]. Bile
leakage still remains a major cause of postoperative morbidity in
hepatobiliary operations. In severe cases, bile leakage causes
abdominal sepsis and may result in death [12,13].
The ClavieneDindo Classiﬁcation System (CCS) is a reliable
classiﬁcation-grading scheme which allows complications to be
assessed in an objective manner and allow complications to be
compared among different outcome studies, especially for
abdominal surgical complications [14]. It has been validated and
adapted as a standardized method of reporting complications
across various surgical sub-specialties [15].
Most of the existing studies concentrate on bile leakage
following hepatectomy, laparoscopic cholecystectomy, and liver
transplantation [16e18]. To our knowledge, no systematic studies
have identiﬁed high risk factors for early postoperative bile leakage,.
Table 1
Clinical characteristics and bile leakage classiﬁcation of the 943 study patients.
Factors Number (%) or
mean ± SD
Gender
Male 421 (44.6)
Female 522 (55.4)
Age (years) 49.0 ± 10.1
Stones location
Extrahepatic bile duct 293 (31.1)
Intrahepatic bile duct 216 (22.9)
Intrahepatic and extrahepatic bile duct 434 (46.0)
Surgical methods
Cholecystectomy 467 (49.5)
Choledocholithotomy following T-tube drainage 928 (98.4)
Hepatectomy 400 (42.4)
BEA 104 (11.0)
Bile leakage
Yes 68 (7.2)
No 875 (92.8)
Bile leakage graded by CCS
I 18 (1.9)
II 23 (2.4)
IIIa 15 (1.6)
IIIb 3 (0.3)
IVa 4 (0.4)
IVb 2 (0.2)
V 3 (0.2)
CCS: ClavieneDindo Classiﬁcation System.
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leakage, graded higher than III (by CCS), would be treated by inva-
sive procedures resulting in a potential increase inmortality, further
analysis of risk factors for severe bile leakage was carried out.
2. Material and methods
2.1. Deﬁnition and patient selection
Bile leakage is deﬁned as bile or ﬂuid containing bile in surgical
or puncture drainage, and bilirubin levels in the drained ﬂuid at
least 3 times higher than blood levels after postoperative day 3.
From February 2004 to June 2013, 943 patients fulﬁlled the
following criteria [1]: Patients with extrahepatic bile duct stones
and/or hepatolithiasis [2]. Patients who underwent biliary tract
surgery [3]. Patients with cholangiocarcinoma were excluded [4].
Patients with bile leakage, caused by withdrawal of T-tube or
choledochoscopy, were excluded.
According to the severity of bile leakage classiﬁed by CCS, 68
cases with bile leakage were divided into mild bile leakage (grades
I, II n ¼ 41) and severe bile leakage (grades III, IV, V n ¼ 27) groups.
All patients hospitalized in the Department of Hepatobiliary
Surgery, NanFang Hospital, Southern Medical University, were
diagnosed and treated according to guidelines of the Biliary Sur-
gical Science Section of the Chinese Medical Association Surgery
Branch in 2004. All operations were performed or supervised by
consultant surgeons and their assistants.
2.2. Surgical procedures
For patients with mild acute cholangitis, antibiotic therapy was
administered for 3e5 days prior to operation. Percutaneous
transhepatic cholangiodrainage (PTCD) or endoscopic nasobiliary
drainage (ENBD) was performed preoperatively for patients with
acute obstructive suppurative cholangitis, and the operation was
postponed for 1e3 months.
Choledocholithotomy, following T-tube drainage, was a stan-
dard surgical procedure. Hepatectomy was recommended for
stones limited to hepatic segments with biliary stricture or
parenchymal ﬁbrosis. When biliary stricture occurred in hepatic
bile duct or CBD, it was an indication of BEA.
Before 2010, open surgery was routinely performed with stan-
dard techniques. Since January 2010, laparoscopic surgery was
performed in patients with bile duct stones in a step by step pro-
cedure. Four-port technique was often used. After pneumo-
peritoneum was established, by use of a Veress needle, a 12 mm
incision for a 30 angled laparoscope (CV-180 Endoscopy Processor,
Olympus, Japan) was performed 2 cm below the umbilicus. The
second port for working was performed 3 cm below the costal
margin of the left mid-clavicular line. Two 5-mm trocars were
inserted below the xiphoid bone and the costal margin of the right
mid-clavicular line, respectively. Once the choledochotomy was
done, the standard procedure of exploration and bile duct stone
removal was carried out by using a choledochoscope (EPX-2200
Endoscopy Video Processor, Fujinon, Japan). A T-tube was routinely
placed in CBD and secured by interrupted suture.
An abdominal drain usually was placed near Winslow's fora-
men. If hepatectomy was performed, another tube was placed in
the vicinity of the transection plane. It was removed on post-
operative day 3e5, if the drainage ﬂuid was minimal.
2.3. Statistical analysis
SPSS 20.0 (SPSS, Chicago, IL, USA) for Windows was used for
statistical analysis. The potential risk factors were analyzed byunivariate analysis, ﬁrst. Variables which were signiﬁcant in the
univariate analysis were included in the multivariate logistic
regression analysis, to identify independent risk factors for the
entire study cohort, mild, and severe bile leakage groups, respec-
tively. The results were considered statistically signiﬁcant at a value
of p < 0.05.
3. Results
There were 55.4% of female patients and 44.6% of male patients,
among the entire cohort, with a mean age of 49.0 ± 10.1 years. Of
943 surgeries, choledocholithotomy with T-tube drainage was
performed in 928 (98.4%) cases, cholecystectomy in 467 (49.5%),
hepatectomy in 400 (42.4%), and BEA in 104 (11.0%) cases respec-
tively. The bile leakage rate of the entire cohort was 7.2% (68/943)
(Table 1).
Patients, with mild bile leakage, recovered with conservative
treatment which included pharmacotherapy. Abdominal puncture
and drainage, guided by ultrasound, were successfully performed
in 17 cases. ERCP was performed in 2 cases and 1 case died due to
abdominal infection. Reoperation was performed in 8 cases and 2
cases died due to postoperative septic shock. The mortality of pa-
tients with bile leakage was 0.3% (3/943).
Independent risk factors of bile leakage for the entire cohort,
assessed by univariate and multivariate analyses, were attack of
acute cholangitis within 1 month (OR, 3.298; 95% CI, 1.273e8.624;
P ¼ 0.014); associated BEA (OR, 2.679; 95% CI, 1.104e6.261;
P ¼ 0.029); associated hepatectomy (OR, 2.241; 95% CI,
1.186e4.236; P ¼ 0.013); and presence of previous biliary surgery
(OR, 1.973; 95% CI, 1.025e3.798; P ¼ 0.042) (Tables 2 and 3).
By univariate and multivariate analyses, attacks of acute chol-
angitis within 1 month (OR, 1.627; 95% CI, 1.030e2.571; P ¼ 0.037);
associated hepatectomy (OR, 2.834; 95% CI, 1.422e5.648;
P¼ 0.003); and presence of previous biliary surgery (OR, 2.557; 95%
CI, 1.101e5.941; P ¼ 0.029) were found to be independent risk
factors for mild bile leakage. Similarly, attack of acute cholangitis
within 1 month (OR, 5.421; 95% CI, 1.624e18.101; P ¼ 0.006);
associated hepatectomy (OR, 1.732; 95% CI, 1.023e2.934;
Table 2
Univariate analysis of factors associated with bile leakage.
Factors No bile leakage
(n ¼ 875)
Bile leakage
(n ¼ 68)
P-value
Age (years) 45.7 ± 9.1 47.2 ± 9.5 0.192
Sex 0.731
Male 392 (44.8) 29 (42.6)
Female 483 (55.2) 39 (57.4)
BMI 22.4 ± 3.1 22.0 ± 3.3 0.308
CCI
0e1 826 (94.4) 62 (91.2) 0.275
2 49 (5.6) 6 (8.8)
Stones distribution 0.756
Extrahepatic bile duct 271 (31.0) 24 (35.3)
Intrahepatic bile duct 201 (23.0) 15 (22.0)
Intrahepatic and
extrahepatic bile duct
403 (46.0) 29 (42.6)
Previous biliary surgery 0.030*
Yes 408 (46.6) 41 (60.3)
No 467 (53.4) 27 (39.7)
Other previous abdominal
surgery
0.640
Yes 93 (10.6) 6 (8.8)
No 782 (89.4) 62 (91.2)
Acute cholangitis within
1 month
0.015*
Yes 357 (40.8) 38 (55.9)
No 518 (59.2) 30 (44.1)
Preoperative ERCP 0.809
Yes 132 (15.1) 11 (16.2)
No 743 (84.9) 57 (83.8)
Within 48 h before operation
Albumin (g/l) 37.3 ± 7.4 35.3 ± 6.7 0.031*
TBIL (mg/dl) 2.7 ± 1.1 2.9 ± 1.2 0.152
ALT (IU/l) 123.8 ± 41.2 131.7 ± 44.9 0.131
WBC (/ml) 12798.9 ± 4251.6 13453.2 ± 4186.7 0.221
Diameter of CBD (cm) 1.6 ± 0.6 1.7 ± 0.5 0.181
Operation time (min) 146.9 ± 43.1 153.7 ± 49.4 0.216
Intraoperative blood loss (ml) 336.2 ± 111.2 369.8 ± 96.1 0.016*
Within 48 h after operation
Albumin (g/l) 34.7 ± 7.9 32.8 ± 7.1 0.055
TBIL (mg/dl) 2.2 ± 0.9 2.3 ± 0.8 0.374
ALT (IU/l) 242.2 ± 75.1 252.4 ± 82.7 0.285
WBC (/ml) 17936.4 ± 5328.9 18801.3 ± 5524.6 0.199
Surgical methods 0.799
Open surgery 803 (91.8) 63 (92.6)
Laparoscopy 72 (8.2) 5 (7.4)
Associated cholecystectomy 0.385
Yes 395 (45.1) 27 (39.7)
No 480 (54.9) 41 (60.3)
Associated hepatectomy 0.038*
Yes 363 (41.5) 37 (54.4)
No 512 (58.5) 31 (45.6)
Types of hepatectomy 0.760
S2, S3 segmentectomy 194 (22.2) 21 (30.9)
S2, S3, S4 segmentectomy 67 (7.7) 4 (5.9)
S6, S7 segmentectomy 61 (7.0) 7 (10.3)
S5, S8 segmentectomy 32 (3.7) 4 (5.9)
S5, S6, S7, S8
segmentectomy
4 (0.5) 1 (1.5)
S2, S3, S6/S7
segmentectomy
5 (0.6) 0 (0.0)
Associated BEA 0.027*
Yes 91 (10.4) 13 (19.1)
No 784 (89.6) 55 (80.9)
Intraoperative blood
transfusion
0.159
Yes 93 (10.6) 11 (16.2)
No 782 (89.4) 57 (83.8)
Year of surgery 0.056
2004e2008 397 (42.1) 37 (54.4)
2009e2013 546 (57.9) 31 (45.6)
CCI: Charlson comorbidity index; BEA: biliary enteric anastomosis.
Data are expressed as n (%) or mean ± standard.
*Statistically signiﬁcant results (P < 0.050).
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P ¼ 0.032) were considered independent risk factors for severe bile
leakage (Table 4).
4. Discussion
Bile duct stones are benign and should have a favorable prog-
nosis. However, high morbidity of postoperative bile leakage
probably results in adverse outcomes. Hence, it should not be taken
lightly. In this study, the bile leakage morbidity was 7.2% and 3
patients were died due to bile leakage. It is thus important to screen
out independent risk factors for bile leakage.
In this single-institutional retrospective analysis of risk factors
for bile leakage, we identiﬁed attacks of acute cholangitis within 1
month, associated BEA, associated hepatectomy, and previous
biliary surgery as independent risk factors for the entire cohort.
Differences were found in risk factors betweenmild and severe bile
leakage, according to CCS (Table 4).
We reviewed the literature on “biliary ﬁstula”, “bile leakage”,
“bile leak”, “bile biloma” and “risk factor” in PubMed, restricting the
search to English-language publications. This is the ﬁrst systematic,
retrospective analysis of risk factors for bile leakage in bile duct
stones. Another strength of this research is the large study cohort
(943 eligible patients), and multivariate logistic regression analysis
utilized to control for potential confounding factors.
Hepatectomy is a safe and optimal treatment for hepatolithiasis,
especially with liver atrophy, liver abscess, and biliary stricture [19].
Bile leakage remains frequent after liver resection. Repeat hepa-
tectomy and prolonged surgery were identiﬁed as risk factors for
bile leakage, after liver resection for hepatocellular carcinoma [20].
Bile leakage, due to hepatectomy, is located in the hepatic tran-
section plane. The volume of bile leakage is not large, and is nor-
mally associated with spontaneous healing [21]. Intractable bile
leakage after hepatectomy accounts for a smaller proportion [16].
This may explain why associated hepatectomy showed more risks
for mild bile leakage (OR ¼ 2.834) than severe bile leakage
(OR ¼ 1.732) in the present study. However, each type of hepa-
tectomy showed no signiﬁcant difference (P ¼ 0.760). Various
procedures were introduced to prevent bile leakage after hepa-
tectomy [22,23], such as anatomical hepatectomy was better than
limited hepatectomy, with a lower morbidity of bile leakage in the
treatment of regional hepatolithiasis [24].
Attacks of acute cholangitis within 1 month was also a common
risk factor for mild and severe bile leakage, and showed more risks
in severe bile leakage (OR ¼ 5.421) than mild bile leakage
(OR ¼ 1.627). For hepatolithiasis patients who underwent hepa-
tectomy, the period less than 1 month after the last attack of acute
cholangitis, had been identiﬁed as a risk factor for the development
of bile leakage [2]. Cholangitis is not a single clinical process but
rather a wide spectrum that presents itself with a broad range of
severity. In the acute phase, infection can challenge host defense
mechanisms because of aweakness in host defenses. Inﬂammation,
hyperemia, edema within CBD, and hepatic parenchyma result in
poor healing, which increases the severity of bile leakage.
Approximately 70% of patients with acute cholangitis were able to
achieve improvement with medical therapy alone [25]. Those who
don't respond to conservative treatment may require biliary
decompression prior to operation. Appropriate management could
alleviate the severity of inﬂammation from acute cholangitis, but it
still exists for a short period. So in practice for patients with an
attack of acute cholangitis within a month, we suggest post-
ponement for 1 month before surgery in order to reduce the
morbidity of bile leakage.
For bile duct stones, high postoperative residual stones and
recurrence rates increase the proportion of biliary reoperation,
Table 3
Independent risk factors associated with bile leakage for the entire cohort by
multivariate logistic regression analysis.
Factors OR (95%CI) P-value
Acute cholangitis within
1 month (yes vs. no)
3.298 (1.273e8.624) 0.014*
Associated BEA (yes vs. no) 2.679 (1.104e6.261) 0.029*
Associated hepatectomy (yes vs. no) 2.241 (1.186e4.236) 0.013*
Previous biliary surgery (yes vs. no) 1.973 (1.025e3.798) 0.042*
*Statistically signiﬁcant results (P < 0.050).
Table 4
Independent risk factors associated with bile leakage for each group by multivariate
logistic regression analysis.
Factors Group A (n ¼ 41) Group B (n ¼ 27)
OR (95%CI) P-value OR (95%CI) P-value
Acute cholangitis within
1 month (yes vs. no)
1.627
(1.030e2.571)
0.037* 5.421
(1.624e18.101)
0.006*
Associated BEA
(yes vs. no)
1.558
(0.955e2.543)
0.076 3.827
(1.122e13.052)
0.032*
Associated hepatectomy
(yes vs. no)
2.834
(1.422e5.648)
0.003* 1.732
(1.023e2.934)
0.041*
Previous biliary surgery
(yes vs. no)
2.557
(1.101e5.941)
0.029* 1.236
(0.864e1.768)
0.268
*Statistically signiﬁcant results (P < 0.050).
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disorders increase operative difﬁculties, and side injuries occur
more often. Previous surgical procedures, such as chol-
edocholithotomy inﬂuence the blood supply of bile duct wall.
Reoperation aggravates the situation and worsens the healing
ability of the bile duct wall. So bile leakage from suture site of T-
tube is more frequent than usual. In such a case, the volume of bile
leakage is low (due to T-tube drainage) and heals spontaneously,
which is consistent with our result that presence of previous biliary
surgery was an independent risk factor for mild bile leakage, not for
severe bile leakage.
BEA is a common surgical procedure widely used for the treat-
ment of benign bile duct strictures, resulting from stones and in-
ﬂammatory strictures [26]. Apart from wound infection, bile
leakage was the most frequent complication (10%) after BEA for a
benign disease [27]. We suggest, for the management of bile duct
stones, BEA should be performed under a strict indication, which is
the benign biliary stricture. There are 2 reasons. First, bile leakage
often occurred with intestinal ﬁstula after BEA, which would
aggravate the situation. BEA increased a risk for severe bile leakage,
and two cases died of bile leakage accompanied by intestinal ﬁstula
in this series. Second, a follow-up study showed the presence of
cholangitis secondary to BEA as an independent factor affecting the
incidence of cholangiocarcinoma [28].
Placement of drains is effective to reduce the frequency of
development of subphrenic ﬂuid collections and biliary ﬁstula/
biloma formation. Bilirubin concentration in the drainage is an
early and strong predictor of clinically relevant bile leakage [29]. So
it should be a routine procedure to detect the bilirubin levels in the
serum and drainage ﬂuid prior to withdrawal of the tube. With
respect to presence of bile leakage after withdrawal of the drainage
tube, percutaneous drainage under guidance of ultrasound is an
effective treatment modality. It is very important for drain man-
agement to be precise. But for those patients in whom diffuse
peritonitis or more severe complications occur, urgent reoperation
should be instituted. Surgical strategy should concentrate on
adequate drainage and ﬁx the leakage when conditions permit, but
detailed procedures depend on the cause and location of bile
leakage.In conclusion, we have highlighted the risk factors of post-
operative bile leakage for patients with bile duct stones, especially
severe bile leakage. But the results of the present study cannot be
extrapolated to predict all bile leakage in these patients. We
explicitly excluded bile leakage caused by withdrawal of T-tube or
choledochoscopy. Another weakness of this study is the limitation
of a single-institutional retrospective analysis when compared to a
multi-institutional study. However, multi-institutional studies are
currently being planned.
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